Depleted uranium (DU) is a dense and heavy metal used in armor, ammunition, radiation shielding, and counterbalances. The military usage has led to growing public concern regarding the health effects of DU. In this study, we used the nematode, Caenorhabditis elegans, to evaluate the toxicity of DU and its effects in knockout strains of metallothioneins (MTs), which are small thiol-rich proteins that have numerous functions, such as metal sequestration, transport, and detoxification. We examined nematode viability, the accumulation of uranium, changes in MT gene expression by quantitative reverse transcription-PCR, and the induction of green fluorescent protein under the control of the MT promoters, following exposure to DU. Our results indicate that (1) DU causes toxicity in a dose-dependent manner; (2) MTs are protective against DU exposure; and (3) nematode death by DU is not solely a reflection of intracellular uranium concentration. (4) Furthermore, only one of the isoforms of MTs, metallothionein-1 (mtl-1), appears to be important for uranium accumulation in C. elegans. These findings suggest that these highly homologous proteins may have subtle functional differences and indicate that MTs mediate the response to DU.
Depleted uranium (DU) is a by-product in the enrichment process of naturally occurring uranium for the attainment of its radioactive isotope, U 235 . As an extremely heavy and dense metal, DU has been used as counterbalances, radiological shielding, and, increasingly, in armor and ammunitions. This increased use and its hypothesized role as a cause of Gulf War Syndrome has heightened public fears regarding the use of DU and is further potentiated by the limited number of focused studies evaluating the effects of DU on the central nervous system (CNS). Furthermore, there also remains a considerable gap in our knowledge and understanding of the response pathway(s) outside of the kidneys to DU exposure (Craft et al., 2004; Jiang and Aschner, 2006; Li et al., 2005; Taylor and Taylor, 1997) .
In most animals, there are three major classes of heavy metal-binding proteins that participate in the homeostasis and detoxification of heavy metals. These are the ubiquitous thiol tripeptide glutathione, small cysteine-rich metallothionein (MT) proteins, and numerous other higher molecular mass sequence-unrelated proteins (Vatamaniuk et al., 2005) . MTs are ubiquitous, small, thiol-rich proteins that are involved in the response to essential and nonessential metal exposure (Aschner, 1998; Aschner et al., 1997; Hidalgo et al., 2001; West et al., 2004) . In vertebrates, there are four main forms of MT: MT-1, MT-2, MT-3, and MT-4. MT-1 and MT-2 are found in most tissues, while MT-3 predominates in the CNS and MT-4 in the stratified squamous epithelia (Hidalgo et al., 2001; West et al., 2004) . In humans, however, it is more complicated as MT-1 and MT-2 have many splice variants. Although numerous studies have evaluated MTs, the specific functions of each MT remain unclear, although it is known that they all complex metal ions through metal-thiolate bonds to remove them from the cytoplasm and that they protect cells against reactive oxygen species (Aschner, 1998; Ecker et al., 1986; Fabisiak et al., 2002; Kang, 2006; West et al., 2004) .
MTs are also present in invertebrates (Dallinger, 1996) . In the nematode, Caenorhabditis elegans, there are only two MTs. The homologous genes of MT1 and MT2 in C. elegans are mtl-1, and mtl-2, respectively. To date, there are no known splicing variants of mtl-1 or mtl-2. Both mtl-1 and mtl-2 have been purified and characterized (C. elegans Sequencing Consortium, 1998; Freedman et al., 1993; Imagawa et al., 1990; Kondo et al., 1990; Kugawa et al., 1994; Slice et al., 1990; You et al., 1999) . The nematode MTs have also been shown to be responsive to metals, and they function like their mammalian counterparts (Freedman et al., 1993; Gehrig et al., 2000; Kugawa et al., 1994; Liao et al., 2002; Moilanen et al., 1999; Swain et al., 2004) .
Although uranium toxicity has been extensively studied, only limited knowledge exists with regard to the molecular mechanisms involved in response to uranium exposure, specifically those associated with neurotoxicity. This study sought to use C. elegans to investigate the toxicological effects of DU, to correlate observed toxicity with uranium uptake, and to determine if MTs are involved in protecting against DU exposure.
MATERIALS AND METHODS
Materials. Uranyl acetate (UO 2 (CH 3 COO) 2 Á2H 2 O) was purchased from Ted Pella Inc. (Redding, CA). All other chemicals were purchased from Sigma (St Louis, MO), unless otherwise stated. Materials were purchased from VWR (Suwanee, GA). Finally, all quantitative reverse transcription (RT)-PCR work was performed by the DNA Core Facility at Vanderbilt University using a Perkin Elmer (Waltham, MA)/Applied Biosystems 7900HT.
Strains and maintenance. C. elegans strains were cultured on bacterial lawns of either NA-22 or OP-50, seeded on 8P or nematode growth medium (NGM) plates, respectively, at 20°C according to standard methods (Brenner, 1974) . C. elegans strain N2 (var. Bristol) is the wild-type strain and was a gift of Dr Richard Nass (Vanderbilt University, Nashville, TN). Strain VC128 (gk125, mtl-2 knockout [KO], mtl-2 KO) was obtained from the Caenorhabditis elegans Genetics Center (University of Minnesota, Minneapolis, MN). The mtl-1 and mtl-2 double KO was generated as described in Hughes and Stürzenbaum (2007) .
Exposure of C. elegans to DU. Embryos were obtained by hypochlorite treatment of gravid adults (Lewis and Fleming, 1995) . After 17-24 h of incubation in M9 buffer (22mM KH 2 PO 4 , 22mM Na 2 HPO 4 , 85mM NaCl, and 1mM MgSO 4 ) to obtain synchronized L1s, the worms were washed once in 10 ml distilled H 2 O and then diluted to 50 worms per ml. L1 worms were treated with DU (uranyl acetate), which was prepared from a 1M stock solution in water. A total of 5000 worms were used in each siliconized microcentrifuge tube (Denver Scientific Inc., Metuchen, NJ) per treatment assay, and the worms were incubated with gentle shaking at 800 rpm for 30 min. The worms were then spread on NGM/OP50 plates and incubated for 24 h at 20°C before further evaluation. For quantitative analyses of DU-induced changes in worm viability, the total number of live worms was determined for each concentration by counting each plate under a Stemi-2000 dissecting microscope (Zeiss, Thornwood, NY).
C. elegans total RNA and protein isolation. To extract RNA, the worms were harvested by single-step acid guanidinium thiocyanate-phenol-chloroform extraction (Chomczynski, 1993; Chomczynski and Mackey, 1995; Chomczynski and Sacchi, 1987) . Briefly, the worms were washed from NGM/OP50 plates with 3 ml M9 buffer, pelleted, and resuspended in TRI Reagent (Sigma). RNA was extracted by chloroform extraction, followed by isopropanol precipitation and a 75% ethanol wash and then resuspended in diethylpyrocarbonate-treated water according to the manufacturer's instructions.
To extract proteins, the treated worms that had grown overnight on the plates were then harvested in 1 ml TNEB [Tris-HCl buffer (50 mM, pH 7.8) containing benzamidine (5 mM), ethylenediaminetetraacetic acid (EDTA) (2 mM), and sodium chloride (100 mM)], and 1% NP-40) supplemented with protease and phosphatase inhibitors (Sigma), after having been washed five times with PBS. Worm extracts were sonicated with a Sonics Vibra-Cell two times for 20 s at 25% power. The total protein content was determined by BCA assay (Pierce, Rockford, IL) with bovine serum albumin as the standard (Smith et al., 1985) .
Gene expression studies. To quantitate messenger RNA (mRNA) expression, quantitative RT-PCR analysis was performed using TaqMan assays as previously described (Heid et al., 1996; Watson and Li, 2005) . Synthesis of single-stranded complementary DNA (cDNA) was performed using an oligo-(dT) 20 primer with the SuperScript III First Strand cDNA Synthesis kit according to the manufacturer's instructions (Invitrogen, Carlsbad, CA). PCR was performed on cDNAs on an Applied Biosystems 7900HT (Applied Biosystems, Foster City, CA) at the Vanderbilt University Center for Human Genetics Research Core Facility. Custom primers and probes for the C. elegans mtl-1 and mtl-2 genes were designed by the ABI proprietary software TaqPipe. The specific primer and probe sequences are shown in Table 1 . Relative quantification of mRNA levels was determined by standardizing gene expression against the nonvariable control gene, rps-18, using the comparative DDCT method according to the manufacturer's instructions. All determinations were replicated at least three times.
ICP-MS analysis. For inductively coupled plasma-mass spectrometry analysis, 100 ll of concentrated nitric acid (HNO 3 ) (Suprapur; Merck, Darmstadt, Germany) was added to the air-dried samples. The samples were incubated at room temperature for 24 h prior to digestion on a heatblock (QBT4; Grant, Buckinghamshire, UK) for 1 h at 70°C and 1 h at 100°C. Finally, samples were diluted to 0.6M HNO 3 with 18.2MX water (Purelab Ultra Analytic; Elga, Buckinghamshire, UK).
All samples were analyzed for trace element content by ICP-MS using a Thermo (Finnigan, Bremen, Germany) model Element 2 instrument, as previously published (Erikson et al., 2004) , except that RF-power was, in this instance, set at 1250 W. Briefly, the sample was introduced using a CETAC ASX 510 autosampler (CETAC Technologies, Omaha, NE) with a peristaltic pump (1 ml/min). The instrument was equipped with a concentric Meinhard nebulizer connected to a Scott spray chamber and a quartz burner with a guard electrode. The nebulizer argon gas flow rate was adjusted daily to give a stable signal with maximum intensity for the nuclides,
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In and 238 U. The instrument was calibrated using a 0.6M HNO 3 solution of multielement standards at appropriate concentrations. After each sample, 0.6M HNO 3 was flushed through the sample introduction system to reduce memory effects. To check for possible drift in the instrument, a standard solution with known elemental concentrations was analyzed after every 10 samples. In addition, blank samples (0.6M HNO 3 ) were analyzed after approximately every 10 samples.
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U was measured at low resolution.
Photomicroscopy. Nematode images were captured on a Zeiss upright LSM510 confocal microscope (Zeiss), using laser scanning fluorescence and DIC (Nomarski) imaging. Worms were anesthetized with 2% sodium azide and photographed under oil immersion with a 403/1.30 Plan-Neofluar objective. Images were exported using the Zeiss LSM Image Browser.
Data analysis. Statistical differences in the end points between control and treated groups were determined with one-way randomized ANOVA design. When the overall test of significance (p < 0.05) leads to a rejection of the null hypothesis, post-hoc Tukey's comparison was performed. Statistical analyses were performed with CSS:Statistica software (StatSoft Inc., Tulsa, OK). To assure that variability within preparations is accounted for, the experiments were independently replicated in a minimum of triplicates.
RESULTS

MTs Protect C. elegans against DU Toxicity
As the dose of DU was increased, the viability of the different C. elegans strains was decreased in a dose-dependent manner (Fig. 1) . The LC 50 of DU for wild-type (N2 Bristol) worms was 66.9 ± 30.9lM. The various mtl KO strains demonstrated increased sensitivity to DU, as can be seen by the statistically significant (p < 0.001) leftward shift of all three of the mtl KO strain viability curves ( Fig. 1) , as determined by one-way ANOVA followed by Tukey's multiple comparison test. The LC 50 of DU for mtl-1 KO worms was observed to be 14.3lM ± 7.13. The LC 50 of DU for the mtl-2 KO worm strain (VC128) was 20.7lM ± 11.5. The LC 50 of DU for the mtl-1/2 double KO worm strain was 15.5lM ± 10.8. There was no statistically significant difference (p > 0.05) between the doseresponse curves of the mtl-1 KO and mtl-1/2 KO strains, although both were significantly different (p < 0.001) from that of the mtl-2 KO strain.
Decreased DU Uptake Is Exhibited by C. elegans mtl-1 and mtl-1/2 Double KOs ICP-MS data indicated that, at the highest dose (1mM), there was a significantly reduced uptake (p < 0.001) of uranium in mtl-1 KO and mtl-1/2 KO worms compared to control N2 Bristol worms ( Figs. 2A and 2B ). Uranium levels were indistinguishable between the wild-type and mtl-2 KO worms.
Linearized ICP-MS data indicated that N2 accumulated uranium at 93.9 ± 10.4 ng 238 U/lg protein, while mtl-2 KO worms accumulated uranium at a similar scale of 108 ± 14.2 ng 238 U/lg protein ( Figs. 2A and 2B) . mtl-1 KO worms exhibited uranium uptake at 31.5 ± 4.21 ng 238 U/lg protein, while mtl-1/2 KO worms accumulated uranium at 24.7 ± 4.52 ng 238 U/lg protein. Statistical analyses indicated that the uptake of uranium by all worm strains was significantly nonzero (p < 0.0001). One-way ANOVA followed by Tukey's post-hoc test showed that mtl-1 KO and mtl-1/2 KO strains were statistically significantly different compared to the N2 control
MTs protect Caenorhabditis elegans from DU toxicity. This figure illustrates the viability of the control N2 Bristol strain and the various MT KO strains, as the dose of DU, in the form of uranyl acetate, is increased. *One-way ANOVA followed by Tukey's post-hoc test indicated that the dose-response curves of the different MT KO strains exhibited statistically significant differences from the N2 strain (p < 0.001). The LC 50 values of DU for wildtype (N2 Bristol), mtl-1 KO, mtl-2 KO, and mtl-1/2 double KO worms were 66.9lM ± 30.9, 14.3lM ± 7.13, 20.7lM ± 11.5, and 15.5lM ± 10.8, respectively. 
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and mtl-2 KO strains (p < 0.001) but not from each other (p > 0.05). The uptake rates of N2 and mtl-2 KO did not demonstrate a statistically significant difference (p > 0.05).
The correlation between worm viability and DU accumulation in the various strains is shown in Figure 3 . Notably, C. elegans death in all strains in response to DU treatment is highly correlated and dose dependent with increased uranium accumulation. There was no detectable U in any of the strains absent DU treatment, and in the presence of a 1mM DU, concentrations in all strain approximated 100 ng U/mg protein.
These results indicate that increased sensitivity of the MT KO worms to DU may not be explained solely based on accumulation of increased intracellular uranium concentrations, despite the fact that uranium accumulations and decreased worm viability are highly correlated (Fig. 3) .
Quantitative RT-PCR Indicates Upregulation of MT Transcripts Following DU Exposure
MT transcript levels were measured in each of the four worm strains, normalizing to rps-18, a nonvariable ribosomal protein small subunit (Figs. 4A and 4B ). No mtl-1 transcripts were detected in the mtl-1 KO (Fig. 4A) , no mtl-2 transcripts were observed in the mtl-2 KO (Fig. 4B) , and no MT transcript data for either gene were generated in the double MT KO (Figs. 4A and 4B) (accounting for the lack of several of the bars in Figs. 4A and 4B ). These results confirm that the assay was isoform specific with no cross-reactivity or unspecific amplification. Untreated mtl-1 KO and mtl-2 KO nematodes exhibited similar transcript expression profiles compared to the N2 control. All quantitative RT-PCR data were generated from nematodes exposed to the different treatment conditions for 1 h. TaqMan gene expression assays indicated that there was an upregulation of the mtl-1 transcript after a 1-h exposure to 1mM DU in both the N2 (p < 0.05) and the mtl-2 KO (p < 0.001) strains. A 1mM exposure resulted in a statistically significant increase in mtl-1 expression compared to untreated mtl-2 KO (p < 0.001). There was no statistically significant induction of the mtl-2 transcript in the N2 Bristol strain following a 1-h exposure to DU, but there was a significant induction following 1 h of exposure to 1mM Cd. Ten micromolar DU induced mtl-2 expression in mtl-1 KO worms (p < 0.05), while higher doses of DU did not result in increased mtl-2 expression. Cadmium exposure resulted in statistically significant increases in mtl-2 gene expression in the N2 and mtl-1 KO strains (p < 0.001), while a similar zinc exposure did not result in any significant changes compared to untreated controls.
MT Promoter Reporter Worms Indicate Induction of Green Fluorescent Protein Following DU Exposure
In the two worm strains, P mtl-1 -GFP and P mtl-2 -GFP, where green fluorescent protein (GFP) is under the control of the metallothionein-1 or metallothionein-2 promoter, respectively, low-level DU exposure (10lM) resulted in a strong induction of GFP expression (Fig. 5) .
DISCUSSION
Molecular responses following DU exposure remain unclear. Our studies have utilized the nematode, C. elegans, to identify strains that are hypersensitive to DU insult. This approach to enhance our understanding DU toxicity has demonstrated that the small thiol-rich MT proteins serve to protect worms from DU toxicity. Furthermore, from our ICP-MS data, it can be concluded that mtl-1 is important for uranium accumulation, suggesting that both forms are independent and not synergistic in their mode of action. Based on transgenic worm strains with GFP under the control of the different MT promoters, it appears that low-level DU exposure for 24 h results in the activation of both MT promoters.
Our data indicate that there is a statistically significant difference in the concentration-viability curves of the MT KO worms compared to the control N2 Bristol strain (Fig. 1) . The leftward shifts of the dose-viability curves for the various MT KO strains suggest that MTs are important proteins in protecting the worms against uranium exposure. The rank order of nematode viability in response to DU exposure suggests that mtl-1 KO worms are the most sensitive, followed by mtl-1/2/KO worms and then mtl-2 KO worms. The doseviability curve for the double KO is not shifted further leftward compared to either of the single MT KO curves, suggesting that the two forms are independent and not synergistic in their mode of action. The protective effects of the nematode MTs afforded against DU exposure are in agreement with previous studies, demonstrating the protective effects of MTs against other heavy metals (Ajjimaporn et al., 2005; Aschner, 1997; Chan and Cherian, 1992; Chin and Templeton, 1993; Srivastava et al., 1993; Swain et al., 2004; West et al., 2004) .
ICP-MS data showed decreased uranium accumulation by mtl-1 KO and mtl-1/2/KO worms compared to wild-type N2 worms but not in the mtl-2 KO worms ( Fig. 2A) . Further extrapolation of these data indicated that N2 and mtl-2 KO worms exhibited virtually indistinguishable rates of uptake (Fig. 2B) , while the rates of uranium uptake in mtl-1 KO and mtl-1/2 KO worms were much less compared to the N2 control strain. These data demonstrate that mtl-1 is crucial for the ability to accumulate uranium. The results also provide further evidence that there may be differential functions for the two forms of C. elegans MTs. Furthermore, these data, along with the dose-viability data, indicate that mtl-1 does not appear to have an intrinsic capacity to compensate for the deletion of mtl-2 and that both isoforms are independent and not synergistic in their mode of action, as has previously been hypothesized (Swain et al., 2004) .
Based on the data, it is reasonable to posit that mtl-2 plays an important role in transporting internalized uranium to the cell's surface to prevent the accumulation of this metal inside the cell. On the other hand, it would seem that mtl-1 has the opposite function, playing a role in the accumulation of uranium in the cell. Although our studies have focused on uranium, our data further substantiate hypothesized differential roles of the two MT genes in response to heavy metal exposure (Swain et al., 2004) . Our data also suggest that increased sensitivity of the MT KO worms to DU is not solely based on the worms' accumulation of more uranium, although uranium accumulation and decreased worm viability are highly correlated (Fig. 3) .
In order to evaluate if DU was responsible for a change in the gene expression levels of the MT genes, we utilized quantitative RT-PCR and two GFP-reporter worm strains. Gene expression analyses confirmed that the different mtl KO strains did not express transcripts of the respective knocked out genes (Fig. 4) . These studies also demonstrated that the relative expression of the MT transcript expressed by untreated KO strains was comparable to the control N2 strain. Furthermore, the gene expression studies indicated that, following exposure to a high level of uranium (1mM) for 1 h, the relative expression of the mtl-1 transcript was increased in both N2 and mtl-2 KO strains. The mtl-2 transcript was only increased with a comparable low-dose uranium exposure (10lM) in the mtl-1 KO strain.
The two worm strains, P mtl-1 -GFP and P mtl-2 -GFP, have GFP fused to the promoters of metallothionein-1 and 350 JIANG ET AL. metallothionein-2, respectively. The GFP signal is turned on when nematodes are treated with metals (Swain et al., 2004) . Based on our fluorescence visualization following DU exposure, a 24-h exposure to low levels of uranium (10lM) resulted in the induction of GFP in both reporter strains, P mtl-1 -GFP and P mtl-2 -GFP (Fig. 5) . These data suggest that the exposure of worms to DU causes an induction of mtl-1 and mtl-2 promoter activity and subsequent GFP gene expression.
There may seem to be differences between the quantitative RT-PCR data and GFP expression data. However, the GFP expression data corroborate the quantitative RT-PCR data after a 1-h exposure to DU. GFP is a stable transgene that is used in many biotechnological applications (March et al., 2003) . As such, GFP expression can be considered a binary reporter gene; once it has been turned on, GFP expression will remain, but no GFP expression will be present if the gene is not induced. Furthermore, to allow for development of the nematodes, as well as the GFP signal, GFP expression was determined 24-h postexposure. This may have resulted in some subtle increases in GFP expression, as the MT promoters may have been subject to additional stimuli during the incubation period.
In this study, we have not attempted to demonstrate that uranium binds directly to the MTs. Thus, the exact mechanism by which MTs afford nematodes protection to uranium exposure remains unclear. However, based on our current ICP-MS and viability data, there is substantial evidence to support the theory that mtl-1 and mtl-2 genes have differential functions (Fig. 6) . The nature of the uranium transporter remains controversial, but intracellular transport likely occurs via the divalent metal transporter (DMT-1), which is expressed in C. elegans (reviewed by Au et al., 2008) . DMT1 represents a large family of metal ion transporters highly conserved from bacteria to humans (Cellier et al., 1995) and its orthologues are highly hydrophobic integral membrane proteins containing 11-12 transmembrane domains. Both the amino-and carboxy-termini are predicted to reside within the cytoplasm (Gruenheid et al., 1999) . Members of the DMT1 family share a conserved consensus transport sequence, which is involved in divalent metal ion translocation. The exact nature of the transporter associated with the efflux of uranium has FIG. 5 . DU exposure induces MT gene expression. These bright field and fluorescence images are representative figures, illustrating the induction of GFP by a low-level uranium stimulus (10lM DU) in the GFP-reporter worm strains, P mtl-1 -GFP and P mtl-2 -GFP.
FIG. 4.
Quantitative RT-PCR results. Baseline levels of the two MT transcripts were measured in each of the four worm strains to determine if there were worm strain variations in the basal levels of these genes. (A) No mtl-1 transcript was seen in mtl-1 KO; (B) no mtl-2 transcript was seen in mtl-2 KO; and (A) and (B) no mtl-1 or mtl-2 transcript was seen in mtl-1/2 KO. The relative changes in mRNA expression for Caenorhabditis elegans MT genes were measured using the comparative Ct method (DDCt). Expression is plotted as averages of the fold changes for the three replicates in each treatment group shown (±SEM). Quantitative RT-PCR using TaqMan gene expression assays indicated that there was an upregulation/downregulation/no change of mtl-1 and mtl-2 transcripts in response to DU exposure. All transcripts were normalized to the nonvariable control gene, rps-18. *One-way ANOVA followed by Tukey's post-hoc test indicated that the fold induction exhibited statistically significant differences from the untreated strain control (p < 0.05). **One-way ANOVA followed by Tukey's post-hoc test indicated that the fold induction exhibited statistically significant differences from the untreated strain control (p < 0.001).
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not yet been determined, but the present data suggest that MT-1 may represent a chaperone for intracellularly transported uranium, whereas uranium destined for extracellular transport is chaperoned by MT-2.
Once it is within the cell (Fig. 6) , uranium is likely to bind to liposome-like structures as well as unspecific proteins. Though studies are lacking in mammalian systems, in bacteria, uranium accumulation as cell-bound metal phosphate is mediated via a phosphatase, located periplasmically, in association with the outer membrane (Jeong et al., 1997) . Both MTs most likely complex with the uranyl ions in an attempt to sequester them to prevent subsequent stress and damage to cells, but mtl-2 also appears to function specifically to transport uranium out of the cells. Indeed, this would coincide with previously hypothesized mechanisms seeking to explain MT's ability to bind, sequester, and act as transporter for numerous metals (Aschner, 1998; Ecker et al., 1986; Fabisiak et al., 2002; Kang, 2006; West et al., 2004) . However, our data from the mtl-1 KO and mtl-1/2 KO strains indicate that mtl-1 plays an important role in the accumulation of uranium in cells.
In summary, based on our data, we have concluded that MTs exert a protective role against DU exposure and that mtl-1, in particular, is an important factor in uranium accumulation. The C. elegans data using GFP-reporter worm strains suggest that DU exposure induces the promoters of mtl-1 and mtl-2 and does/does not corroborate our quantitative RT-PCR. These studies indicate that MTs play an important role in the resultant effects of DU exposure and that C. elegans can be used as a model to identify biomarkers of heavy metal exposure. In addition, our study suggests that a complex system regulates these highly conserved MTs proteins and that the different forms are distinctly independent and not necessarily synergistic in their mechanisms of action. 
